ABSTRACT
INTRODUCTION
Diabetes mellitus is a common metabolic disease characterized by hyperglycemia with or without glycosuria. Its three common microvascular complications are neuropathy, retinopathy and nephropathy. Peripheral and autonomic neuropathy are more popular than central neuropathy which was considered for the first time in 1965 [1] . The involvement of auditory pathway is a shining example of central neuropathy. Previous reports in the field of hearing loss in diabetic patients have given conflicting results. On the one hand, several reports have shown a bilateral sensorineural hearing loss affecting mainly the high and middle frequencies in patients with diabetes mellitus, being characteristic of presbycusis [2] ; on the other hand, some other studies have not reported any disorder in the hearing threshold of diabetics in Pure Tone Audiometry (PTA) test [3, 4] . Auditory Brainstem Evoked Responses (ABER) is used to evaluate the performance of the auditory pathway from inner ear to upper brainstem having seven waves in ABER (I to VII); however, only waves I, III ,and V are recorded reliably enough to be routinely used in clinical applications. The waves I to VII originate from the eighth nerve, cochlear nucleus, superior olivary complex, mid and upper pons, upper pons, and lower mid brain respectively. The origins of waves VI and VII are medial geniculate bodies and auditory radiations [5] . ABER was initially applied to evaluate auditory function in diabetes mellitus type 1 in 1981 [6] . The most common abnormality of Auditory Brainstem Evoked Responses is the lengthening of the latency of waves III and V [7] . However, in some studies there have been no significant differences in ABER results among diabetics and healthy people [8] . ABER disorders are more frequent in diabetic patients affected with other micro vascular complications such as retinopathy, nephropathy, and peripheral sensori-motor polyneuropathy [9] . Consequently, the purpose of this study is to compare the auditory function of patients with type 2 diabetes mellitus with healthy subjects. Furthermore, an attempt was made to relate abnormal brain stem evoked responses with sex, duration of disease, and peripheral sensori-motor polyneuropathy.
METHODS AND MATERIALS
30 diabetic and 30 healthy subjects gave informed consent to participate in the study, according to the guidelines of the Local Ethics Committee. Patients were re-ferred for electro diagnostic test to be screened for diabetic neuropathy by endocrine institute. Thirty healthy individuals from hospital staff were used as the control group. Individuals in both groups were aged 30 to 45 years old. Patients were excluded if they had any record of hearing loss, ear discharge, tinnitus, associated endocrine disorder, for example, myxedema, head injury, neurological deficit, cerebrovascular accident or non safe noise exposure in the past. Patients with a history of drug intake known to cause central neuropathy such as reserpine, alpha methyl dopa, phenytoin or nitrofurantoin, were also excluded from this study.
Diabetic patients were classified according to the duration of the disease in two groups (>10 years old and ≤10 years old). Fasting blood sugar (FBS) and HbA1c were calculated in diabetic patients. To diagnose the diabetic peripheral sensori-motor polyneuropathy in diabetic patients, they underwent nerve conducting study including peroneal, sural, median, and ulnar nerves by electromayography test (Shawrzer tapes made in Germany) with the first author of the article.
For all participants, otoscopy (Reister model 2005-Germany) and conventional pure-tone audiometry (PTA) were performed for each ear in a sound-proof room using a clinical audiometer (Interacoustic AC40-Denmark) with TDH-49 earphones at speech frequencies between 250 and 8000 Hz (250, 500, 1000, 2000, 4000, 8000 Hz). The threshold of pure-tone at any frequency >20 dBHL was defined as hearing loss.
Then ABER responses were recorded using disk shape Ag-Ag Cl electrodes placed on the mastoids and high forehead. The responses were recorded using 80 nHL at a rate of 21.1 click/Sec using 1 mV sensitivity, 10 mV gain and 30 -3000 HZ filters. After 2048 stimuli the average response was reproduced [10] . The latency of waves І, III, Vas well as the interwave latencies of I-III, III-V, I-V were identified. Mean and standard deviation (SD) of all parameters were calculated for each group. Besides comparison of ABER parameters between diabetics and healthy people, their relation to the presence or absence of peripheral sensori-motor polyneuropathy, sex, and duration of diabetes (>10 years and ≤10 years) were assessed.
Statistical Analysis
Statistical analysis was performed implementing independent t test, by applying SPSS software version 11.5. Differences were considered significant when P values were <0.05.
RESULTS
In diabetics, the mean age was 44.7 ± 6.5, 43% males and 57% females. Time elapsed since diagnosis of diabetes was 7.2 ± 5.4 years. Fasting blood glucose and HbA1c were (137 ± 4.5) and (6.4% ± 0.3%) respectively. Diabetic peripheral sensori-motor polyneuropathy in extremities was diagnosed in 15 out of 30 subjects. In other groups, the mean age was 43.5 ± 3.1, 53% males and 47% females, and FBS was 90 ± 2.8.
Since there were no significant statistical differences between the findings of both ears, we used the mean results of right and left ears for each measurement in the tables.
Pure-Tone Audiometry
In PTA, the hearing thresholds at 2, 4, 8 KHz were significantly higher in diabetics than healthy subjects, but were in normal range ( Table 1) .
Auditory Brainstem Response
ABER revealed that absolute latencies of waves І, III, V and interwave latencies of III-V, I-V, I-III were significantly prolonged in the study group when compared to the control subjects (P < 0.05) ( Table 2 ). In the diabetic group, there was no significant statistical difference in I, III, V latencies and I-III, III-V, I-V interwave latencies between patients with the history of more then 10 years of diabetes or fewer (P > 0.05) ( Table 3 ). There was no significant statistical difference in absolute latency & interwave latencies (P > 0.05) in diabetic subjects with or without peripheral sensori-motor polyneuropathy ( Table  4) . In both diabetic & control groups, there were no significant statistical differences between absolute latencies & interwave latencies between men and women (P > 0.05).
DISCUSSION
In this study, patients with type 2 diabetes, in conventional PTA (ranging from 250 to 8000 Hz) had normal hearing thresholds being consistent with theresults of the findings of Dalton et al. [3] . In contrast, Díaz de León-Morales LV et al. mentioned that the hearing threshold of people with type 2 diabetes at 8000 Hz was higher than healthy people [7] .
In this study, 50% of diabetic patients had hearing defects in ABER test despite the normal hearing threshold and good metabolic control (HbA1c 6.4 ± 0.3), in such a way that the latency of waves I, III, V and inter wave latencies of I-III, III-V, I-V in the diabetic group compared to the non-diabetic group were significantly higher ( Table 2) .
According to a normal hearing threshold in diabetic patients, delayed wave I could be due to reduced nerve Table 2 . Latency of waves I, III, V and interwave latency of waves III-V, I-V, I-III in diabetics and non-diabetics. conduction velocity in the auditory nerve that occurred secondary to diabetic neuropathy. Prolonged inter wave latencies of I-III, III-V, I-V explains retrocochlear and brain stem involvement [9] . In some articles, the latencies of waves I, III, V and interwave latencies of I-III, III-V, I-V were longer in diabetics than healthy people [1, 9, 11] . Bayazit et al. (2000) , in 59 diabetic patients, showed a lengthening of the latencies of the main components of the brainstem responses, suggesting microangiopathy [9] . However, our findings do not support his theory. It seems brain stem responses are independent of diabetic microangiopathic complications, such as nephropathy, retinopathy or sensori-motor polyneuropathy.
Another explanation for the auditory impairment could be a metabolic compromise. The high metabolic demands of the inner ear and the auditory pathway could make them a target of the disease, even before evidence of other micro vascular complications [7] . Duration of diabetes was not associated with waves' latency or interweave latency (Table 3 ) and several studies have had similar findings [6, 12] . Although the wave latencies were associated with the duration of diabetes in articles 1, 2, in this article, the results showed no significant differences between diabetic patients with or without peripheral sensori-motor polyneuropathy ( Table 4) . This was consistent with the findings of the two articles [2, 7] . However, ABER parameters were longer in patients with diabetic sensori-motor polyneuropathy than those without such complications in the research carried conducted by Sharma R and Bayazit Y [1, 9] . In this paper,the hearing was evaluated in patients with type 2 diabetes. Similar studies have been conducted on type 1 diabetes [1, 6, 9, 12] . It seems that regardless of the type of diabetes, it can lead to hearing problems at brain stem level. Early detection of hearing loss in diabetics, regardless of its causes, has great importance since these patients are-give multiple antibiotics for various reasons,such as diabetic foot ulcers. Antibiotics with mild ototoxic effects may cause profound hearing loss in patients with mild underlying hearing problems [13] . Early awareness of hearing loss, before its clinical manifestation, may be useful. ABER test could be a complementary tool for periodic examination of diabetics.
SUGGESTIONS
To use ABER as a predictive or diagnostic test for diabetes complications, more and more researches need to be carried out. Different findings mentioned about the results of this test in patients with diabetes could be due to differences in testing methods,stimulation intensity and frequency. Therefore,the standard method of ABER testing would be greatly instrumental.
